Abstract.In order to find out the influence of damping layer on water-lubricated rubber bearing, element finite modal analysis in Workbench is used and three bearings with different damping layers are studied as well as an ordinary bearing without damping layer. The results show that the damping bearings have lower modal frequencies than the ordinary bearing, and the damping layer length and thickness can influence the deformation distribution of modal shape.
Introduction
Structural vibration can bring noise, reduce the life of components and even lead to failure of components in the field of ship, aviation, machinery and so on, thus always being the research hot spot. Damping layer is made of polymer material, and there is a phase difference between stress and strain in damping layer under the effect of vibration. This difference has to overcome great resistance which can reduce vibration of components by dissipating the vibration energy [1] . So, damping layer has been widely used to reduce structural vibration and has made distinct effect. For example, by applying it into the design of bellows, high-damping unreinforced U-shaped vibration reducing bellows was developed [2] ; In the application of flat plate structure, damping layer was studied by scholars with variables to optimize beams with damping sandwich [3] . In these fields, the damping layer has made a contribution to the vibration reduction and noise reduction.
In recent years, water lubricated rubber bearings have been widely used in underwater vehicle [4, 5] . Many scholars have used modal analysis to study the characteristics of water lubricated rubber bearings. Like Jin Yong [6, 7] used simulation and experimental analysis to study the influence factors of modal properties of water lubricated rubber bearings, and found that the main influence of lower order modes is structure and material of liner and the main influence of higher order modes is structure and material of bush. Modal analysis can get the natural frequency and the relative deformation of the bearing under different natural frequencies, which has theoretical meanings and practical application values to the optimization of bearing structure and fault diagnosis. For example, as shown in Figure 3 , around 634Hz, these four bearings have a close natural frequency, so they have (5) The influence of damping layer length: compare bearing B1 with B2, we could find that the increase of damping layer length affects the fifth-order shape and sixth-order shape more than others. Figure 5 and Figure 6 show the modal shapes of fifth-order and sixth-order of bearing B1 and B2. These two bearings have different areas of deformation and the maximum deformation relates to a larger area in B1 than in B2.
(6) The influence of damping layer thickness:
compare bearing B1 with B3, we could find that the increase of damping layer length affects the fifth-order shape and sixth-order shape more than others. Figure 7 shows the modal shapes of seventh-order of bearing B1
and B3. We can see that the inner bush of bearing B3 has a similar deformation with its inner liner, which is larger than that of bearing B1.
Conclusions
The main conclusions are as follows:
(1) The damping bearing has lower natural frequencies than the ordinary bearing. When it comes to lower modes(six order below), the difference is significant, and the deformation area of damping bearing is larger than that of ordinary bearing.
(2) The damping layer length has a large influence on modal frequency, especially on fifth-order and sixth-order modal frequency, while the damping layer thickness has a small influence. 
